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I wish to discuss mainly the recent advances 
in cardiac surgery; many operative tech-
niques, although still used, will not be men-
tioned. 
T H E HEART-LUNG MACHINE 
The introduction of hypothermia meant that 
for the first time intracardiac operations could 
be carried out under direct vision. This tech-
nique has been mainly used in atrial septa! 
defects, pure pulmonary valve stenosis and in 
some cases of aortic stenosis. The great dis-
advantage is the time factor, as only some six 
to eight minutes of intra-cardiac operating 
time is available. 
The next great development was that of the 
heart-lung machine and cardiopulmonary by-
pass. Many and varied types of machines 
have been devised, discarded or improved, but 
certain important factors are essential, 
The machine should have a "lung" capable 
of oxygenating the blood and removing car-
bon dioxide for long periods, at normal 
cardiac output. It must not cause frothing of 
the blood and should have efficient filters so 
as to prevent air or fibrin embolization of the 
blood. It must have an efficient pump to pump 
back into the patient the blood removed 
without causing damage to the blood cells at 
normal flow rates. The materials used in the 
pump must not damage the blood, that is, the 
pump must be extremely smooth and inert. 
The machine must be fairly easily con-
trolled, easily manouevrable and easily steri-
lized. The various connecting tubing and can-
nulae, to insert into the veins and arteries, must 
also be smooth and sterilized. 
Owing to the danger of clotting of the 
blood, the patient's blood must be made fluid 
by injecting heparin before operations, and 
later returned to normal by the countering of 
the heparin by protamine or "Polybrene" in-
jections. The person who operates the pump 
must be highly trained to ensure that the 
machine is working efficiently, and must have 
a full knowledge of the normal requirements of 
the body. As an average figure 2,4 1 of blood 
flow per square metre of the body surface 
area must be continually pumped, at normal 
temperatures, to maintain the vital functions, 
Recently heat exchangers have been incor-
porated into machines, which will cool or 
heat the blood as desired. If one cools the 
blood, the patient's temperature will diminish 
and the flow rate of the machine gradually 
can be lowered as body metabolism will also 
diminish. 
Some operators use deep hypothermia in 
which case the temperature of the body is 
lowered to 10° to 15° C. All flow can be 
stopped for about one hour under these cir-
cumstances. 
Types of Machines 
Screen Oxygenators 
In these, the blood trickles as a thin film 
over multiple screens of metal in an atmos-
phere of oxygen. This exposes the venous 
blood to the oxygen, which is taken up, and 
the carbon dioxide is given off. At the bottom 
of the machine the arterialized blood can be 
taken away and pumped to the patient. 
Rotating Disc Oxygenators 
These consist of a chamber in which a 
spindle, containing about 100 thin discs, ro-
tates in an atmosphere of oxygen. The blood 
is in the bottom of the chamber and, as the 
spindle rotates, is taken up as a thin film, 
exposed to the atmosphere, and becomes 
oxygenated. By the time the blood reaches 
the other end of the chamber it is fully oxy-
genated and carbon dioxide has been liberated. 
This type is the one most commonly 
used. Here in Sydney we have a locally made 
product equal to any in the world. 
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METHOD OF APPROACH 
In most cases, a midline sternum splitting 
operation is used. The pericardium is 
opened, the heart is inspected and commonly 
explored by inserting a finger into either 
atrium, The superior and inferior venae cavae 
are dissected and tapes, which can be 
tightened, placed round them. Through the 
wall of the right atrium, plastic cannulae are 
passed, one into the superior vena cava and 
one to the inferior vena cava. The right groin 
is explored and the femoral or external iliac 
artery dissected free. The patient is heparin-
ized and the arterial cannula is inserted into 
the external iliac artery with the nozzle facing 
upstream. The connections are then made 
with the machine. Thus venous blood can be 
withdrawn from the patient, passed through 
the oxygenator and the arterial blood pumped 
back up the iliac artery to the aorta. By 
tightening the tapes on the venae cavea all the 
venous return, except that from the heart 
itself, can be re-routed through the machine, 
resulting in total heart-lung by-pass. 
CARDIAC ABNORMALITIES 
A trial Septal Defects 
These not uncommon defects occur between 
the right and left atrium. Because of the 
higher pressure in the left side of the heart, 
part of the blood returning from the lungs is 
shunted through the defect to the right side, 
which must thus pump many times its normal 
volume of blood, causing great strain, The 
lung vessels also contain much more blood 
than normal. 
In certain patients the defect is accom-
panied by abnormal clefts in the mitral and 
the tricuspid valves which are incompetent. In 
others, the pulmonary veins are abnormally 
positioned so as to drain back to the right 
atrium instead of the left. 
Some of these patients may be operated on 
using hypothermia and inflow occlusion, but 
it is probably better to use a heart-lung 
machine so that more time can be spent in 
accurate suturing. The defect is repaired 
either with direct sutures or by suturing a 
patch of teflon to close the hole, making sure 
the pulmonary veins drain into the left atrium. 
These patients have a low mortality rate and 
the results are good. 
Ventricular Septal Defects 
This is a somewhat similar situation, The 
holes are smaller but because of the high pres-
sure in the ventricles the shunt flow is about 
the same or more. Whereas the majority of 
patients with significant A.S.D.'s survive to 
adult life and run into difficulties in the 20 to 
45 years age group those with ventricular sep-
tal defects seldom reach adulthood. This defect 
must be repaired using a heart-lung machine. 
At operation an incision is made in the right 
ventricle and the defect visualized. The defect 
may be closed either by direct sutures or by 
using a patch of teflon material To enable the 
surgeon to get a better view, the heart may 
be temporarily arrested by clamping the 
aorta to cause anoxic arrest. One great danger 
in the repair is a small neuromuscular bundle, 
the bundle of His, which passes from the 
atrium down into the ventricular septum near 
these defects. If it is damaged the co-ordina-
tion of contraction between atrium and ven-
tricle is lost (heart block) and the heart 
rate must be maintained by inserting a wire 
into it and electrically stimulating the heart, 
that is, an artificial pacemaker is necessary. 
In some cases the block is temporary, but in 
others it is permanent and the permanent use 
of a pacemaker may be essential. 
Despite these hazards the results are worth-
while. In "good risk" patients, the mortality 
varies between 5 % and 15%. 
Tetralogy of Fallot 
Up to recent years all that could be done 
were palliative operations to increase the blood 
flow to the lungs, either by Blalock or Pott 
systemic-pulmonary artery shunts, or by 
Brock blind pulmonary valvotomy. In recent 
years it has been possible to perform total 
corrections of the abnormality, that is, repair 
of the ventricular septal defect and enlarge-
ment of the pulmonary outflow tract. This 
might require removal of excessive heart 
muscle that is causing the obstruction or 
putting a gusset patch into the outflow tract. 
This obviously is a large operation with all 
the hazards of ventricular septal defects and 
more. The mortality rate is still high, ranging 
from 15% to 50%, depending on the severity 
of the case, but without this type of correc-
tion the patient's outlook is poor. 
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Acquired Heart Disease 
In this group are the valvular abnormalities 
of the aorta and mitral valve. In the former, 
abnormality is often congenital, but the 
end result is similar to that caused by 
rheumatic heart disease. The two main lesions 
are stenosis, incompetence or a combina-
tion of both. In aortic stenosis heavy calcifica-
tion and deformity of the valve are common. 
From specimens it is obvious that blind val-
votomy can be successful in only a small 
amount of cases, as one of the main faults 
is the immobilization of the cusps caused by 
the actual mass of calcium deposits. By using 
open techniques combined with hypothermia 
and direct coronary artery perfusion to sup-
port the heart, it is possible in some cases to 
sculpture the valves in such a way as to re-
create fairly mobile competent valves. In 
some cases this is impossible, and relief can 
be obtained only by inserting artificial valves. 
Two main types of valves are in use. The 
first type is three cusp cloth valves, usually 
teflon, which open and shut normally. Even 
single cusps can be replaced. The other type 
is a ball valve in which a ball is enclosed in 
a cage. The difficulties in designing these 
are immense. The valves must, not wear, even 
though in a year they must move 42,648,000 
times, they must be accepted by the surround-
ing tissue, they must not cause damage to the 
blood and they must not cause clotting. 
At the present time in the United States, 
certain centres are using such valves and it 
will be of interest to see their final develop-
ment. 
In aortic incompetence, there is no other 
alternative and it seems likely that in severe 
cases we shall soon offer plastic valves. 
Mitral Stenosis 
Although hopes were high for permanent 
good results in mitral stenosis, owing to 
the nature of the disease and depending on 
various surgeons' competence, re-stenosis oc-
curs in quite a number of cases, which re-
quire a second operation. Perhaps third and 
fourth operations may be necessary. With the 
use of transventricular dilation as an ad-
junct to atrial finger commissurotomy, we 
hope that the mitral operations will be more 
efficient and so delay or even avoid these 
further operations. 
Mitral incompetence, on the other hand, has 
not been surgically relieved by indirect opera-
tions. Direct approach using heart-lung 
machines is the only method possible to cor-
rect the abnormality. Unfortunately in most 
cases only complete replacement of the valve 
by an artificial valve is all that is possible. 
Here again the difficulty in making suitable 
valves has hampered progress. These diffi-
culties are in part overcome; in the United 
States surgeons are using them, but the long-
term result is still uncertain. Undoubtedly 
better valves will be made and in time replace-
ment will be routine. 
It is obvious that modern cardiac surgery 
is possible only by combining the skill, know-
ledge and long, hard work of many people— 
physician, physiologist, anaesthetist, surgeon 
and last, but not least, medical engineers, 
chemists and industry in general. 
